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The proper study of mankind enta ils the
study of his existing institutions and his
history. If rational conclusions are to be
drawn; they must be based on the
aforesaid. As conditions exist today, it is
easy to see that the hands of the clock
are moving backwards in some aspects
of the nation's life; while in others, they
parallel that of some other nations/
history. The time is now to stop and
make an assessment of our position and
fully integrate our technology into every
aspect of our nation's life. This must be
done as soon as possidle, or we shall find
that we are only a skeleton of a first-rate
power.
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EDITORIAL
RACE AND INTELLIGENCE
by Carl L. Shears

Last April I had the opportunity to listen to a paper given by Nobel Prize winner William Shockley of
Stanford University. Professor Shockley is the inventor of the transistor. His paper was titled: Hardy-Weinberg
Law Generalized to Estimate Hybrid Variance for Negro Populations and Reduce Racial Aspects of the
Environment -Heredity Uncertainty. The paper was given at the National Academy of Sciences, Washington, D.C.
Before continuing, it might be noted that the National Academy of Sciences is an advisory group to the
President and that its findings do not have to be disclosed to the public.
Dr. Shockley, in earnest, believes, like his predecessors, Moynihan, Coleman, and Jensen, that differences in
I.Q. are due to race. He stated that due to dygenitics, the lowering of I.Q. by nonselective breeding, the gap
between whites and blacks is widening. He based this upon the fact that blacks on welfare average almost six
offsprings, while professional blacks average 1.9 offsprings. Dr. Shockley thought it his duty to bring this fact to
the attention of the nation. He suggested also that research should be carried out by the government in order to
determine the importance of race on I.Q.
In his paper Shockley stated that every 1% white blood in blacks resulted in a one point increase on an I.Q.
scale. In addition, a person possessing 30 to 40% caucasian blood could equal or excel a pure white in ability. He .
left unanswered what happens at the opposite end of the spectrum. That is, what is the variation of I.Q. points
with decreasing percentage of white blood? For a person with 99% white blood and 1% black, is there a decrease
in I.Q. of one point for everyone percent black blood? what happens when the point of 40% white blood - 60%
black blood is reached? An inferior or superior individual? Going up, by adding white blood, according to
Shockley one finds a superior individual, what does one find going down by adding black blood? I think these.
questions need to be answered.
Some blacks may feel comfortable by saying, "That's ludicrous. He can't prove anything." Personally, I
believe in due time the opinions of Shockley, Jensen, Coleman, and Moynihan will be the opinion of the
country as a whole. Not only did Moynihan influence former President Johnson, but President Nixon as well.
Who knows but that President Nixon changed his stance on school busing for this reason? We must also be
cognizant of the fact that black people are not fully aware 9f the research that is being carried out, with federal
funding, with the aim of proving blacks intellectually inferior.
In the last few months since April, I have personally scanned the newspapers and have found articles
showing the effect of race on I.Q. to be on the increase. What was once taboo has now been brought out in the
open. Brave New World, where those of certain birth, the "alphas" and "gammas", held certain jobs may not be
too far away.
As I listened to Professor Shockley's presentation, in the back of my mind there was the thought that his
paper's title paralleled that of another which I had read. As I now think of the economic conditions of this
country my mind wanders to another time not too distant on the time scale of the universe. It was not until I
remembered a quote that Professor Shockley used October 21, 1970 at Rice University, Houston, Texas, that
everything came into focus. The quote does not matter. Perhaps it was a Freudian slip, but the source was
Albert Speer, Adolph Hitler's Minister of Armaments and War Production.
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To quote Dr. Shockley October 17, 1970, "My actions are planned so that during the last rational five
minutes of my life I shall not have upon my conscience the irresponsibility of failing to demand that these
agonizing problems receive urgent and thorough study." Thus Professor Shockley intends to pursue this study
to the end.

Comments
Martin Feldman
Professor of Chemistry
Howard University
Comments on the role of scientific research in technological advances.
In his editorial in Reviews of Science, Mr. Shears points out the need for basic research as a prerequisite for
technological advances. This view is widely held. In recent debate about a crash program for finding a cure for
cancer, one eminent scientist suggested that such a program would be fruitless without understanding gained
from basic research in biology and chemistry. He compared such a program to exploration of the moon without
a knowledge of Newton's laws of motion.
A brief look at the relationship between science and technology should be sufficient to raise doubts about
the progression from "pure" science to practical applications. For millenia practical discoveries were made
without any help from scientific principles. In the manufacture of metals, glass, paper, medicines, dyes and
numerous other articles, which today we recognize as practical applications of the principles of chemistry,
contributions were made by people in all parts of the world over a very long period. One must conclude that
before the development of modern science, considerable technology was developed. What about the situtation
in the modern period? Here again, many advances, possibly the most important advances, have preceded
scientific theory. To cite a few 'examples should be sufficient.
1. Galileo's telescope and the compound microscope were invented before Newton's laws of optics.
2. The steam engine and locomotive had caused the Industrial Revolution, probably the most important event in
modern history, long before the science of thermodynamics was developed, and even before it was realized that
heat is not a substance.
3. The synthesis of dyes in England, which formed the basis of the development of the modern chemical
industry a century ago, preceded the determination of the molecular structure of the dyes.
4. Telegraph messages could be sent across continents before Maxwell's laws of electromagnetic radiation.
What is the situation today, when we have a tremendous arsenal of scientific and technological knowledge?
Does a technological advance wait for scientific theory? Again the answer is not necessarily. Many discoveries in
the field of medicine have been based on accident or patient trial and error screening of potential therapeutic
agents. It is not impossible for a cure for a disease to be found without a fundamental understanding of the
nature of the disease on a biochemical level. Indeed there are many examples of this situation and very few
where the oppsite chronology (science first, cure second) is found. Science is still searching for the reason which
underlies the efficacy of aspirin as an analgesic, after a century or more of its use.
Certainly, man could not have reached the moon without Newton's laws. It remains to be seen whether the
cure for cancer will be based on Watson and Crick's double helix.
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SOCIAL ADVANCEMENTS

versus TECHNOLOGICAL

ADVANCEMENTS

by Albert R. Byrd

From time to time, the cumulative effects of cultural evolution-sometimes erupting as a revolution-finds
society at a threshold, at one of the turning points in histroy. Black people are at such a brink today, and the
decisions that must be made are more crucial than ever before, simply because technological evolution has made
all too real the possibilities of mass destruction. We can move forward to "the good life" undreamed of by Black
folk just a few short years ago, or wecan move backwards into oblivion.
The realization that awesome consequences may follow from our decisions has led a few Black people to
subject present ways of doing things to numerous reviews and assessments, to, in effect, apply the principles of
scientific inquiry to the social existence of our race. The practices of Black educational institutions, from
pre-school through graduate training, have not escaped scrutiny of this sort but, sadly, it seems that only a
minority of Black Americans believe that there is a high correlation between public education and the conduct
of a people. This faith of a relative few in education gives rise to the underlying assumptions of this journal: that
a better tomorrow for Black people depends, in large part, upon better instruction in our schools.
There are varying opinions relative to what constitutes better instruction. One school of thought holds that
the subject material is primary. Thus, some technologically oriented Blacks continually speak of the differences
between Blacks and whites in scientific development while some who would emphasize social advancement
speak of allocating more time to social studies (Black studies, primarily) and to socializing activities. Another
school of though holds that better schools for Blacks can be bought, that teachers, for example, would be more
effective given smaller classes, more time for preparation, more extensive instructional materials, and the aid of
consultants. The obvious danger relative to the latter position is that schools will become more effective in
doing some things that should not be done at alL Also, it is undeniably true that despite some persistent
financial disparities that still exist between Black and white schools, those in the Black community are far better
finance today than they over were in the past, and yet the quality of student produced continues to worsen.
It is painfully obvious that we Blacks are not narrowing the educational gap between ourselves and whites
but are witnessing the reverse. True, the effects of our cultural, social and political evolution during the past ten
years has bought us a modicum of material progress, but, at the same time, the relative indices of progress show
that whites are today even more technologically advanced than Blacks and that the economic distance between
the races is greater now than ever before.
We must never relinquish, or even temporarily put aside, our concern for attaining meaningful cultural
indentification,
complete social justice and effective political power within American society. But,
concomitantly, we must realize that Black Power has been preempted by Madison Avenue, and that political
power ultimately resides in the masses, not in the hands of a few well-compensated politicians - be they black or
white.
Education is not just one of many ways up, but for the great majority of Blacks, it is the only way. A well
educated, Black, body-politic is absolutely essential, and in the age of technology, we must demand that Black
schools emphasize a technical education geared to the development of scientific skills.
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PHOTOSYNTHESIS
by
Cherrel Anne Wilson
902750
November 3, 1971

Aim:

To teach photosynthesis so that it can become clear that it is the most fundemental
and necessary organic reaction in the biological world.

Photosynthesis is the most fundamental of all synthesis reactions. The reactions carried on in the animal
system take up were photosynthesis leaves off. The carbohydrates produced through photosynthesis are the
primary substances on which virtually the whole organic world depends for food.
Photosynthesis consists of two phases, photolysis (THE HILL REACTION) and CO2 fixation (THE
CALVIN CYCLE). Photolysis is the decomposition of water in the presence of light and chlorophyll into three
parts, H+, [OH] , and an electron (e-). CO2 fixation is the combination of the hydrogen rel~ased in photolysis
with CO2 to form the carbohydrate end product.
The chlorophyll molecule is a tetrapyrol formed in a ring around a magnesium atom with a tail made up of
a long chain of carbons which is attached at its base. Chlorophyll is concentrated within the grana - the
structural and functional unit of green plants. When the light strikes the chlorophyll molecule two reactions
may occur. One, is Photoexcitation which essentially consists of an electron of a chlorophyll molecule being
raised to a higher energy level when struck by light in the form of a photon. The other, is known as
photo ionization which occurs when the electron of a chlorophyll molecule jumps completely out of the
molecule leaving behind a positively charged particle.
When an electron becomes photo excited it incorporates more energy within !itself than it had
originally; therefore, when it returns to its ground state, it releases this extra energy. Some of the energy is
dissipated as heat, but the major part of it is utilized to further photosynthesis.
Since chlorophyll is the only substance capable of achieving photolysis of water in the plant, it must be
_present in specific forms. These are refered to as a, b , c, etc. Chlorophyll a is the specific pigment necessary for
the photolytic process, however there are other pigments which aid in the reaction, the accessory pigments.
These account for the enhancement phenomenon. When the chlorophyll becomes saturated with light, the other
forms of chlorophyll, especially b, transfer energy back and forth until a time when a is able to accept more
energy. Thus more photosynthesis can take place than if just a become saturated and no other pagment could
collect the necessary energy.
The above is also the solution to the energy sink problem. A unit reaction of photosynthesis requires four
photon packets of energy. Yet, chlorophyll a can absorb only one at a time. Therefore, there exists with in the
grana means of transfering energy of the three remaining photons back and forth util it can be used in later
reactions.
There are two available pathways for the utilization of electron energy. One occurs right. after
photoexcitation, when the electron returns to its ground state, it releases energy which is used to achieve the
photolysis of water. The other comes in directly after photoinization. This too, achieves the photolysis of
water, however, the electron removed from the molecule is picked up by organic electron acceptors present in
the grana. These acceptors are vitamin K and ferrodoxin mononucleotide (FMN), which are both able to receive
two electrons.
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The resulting complexes participate in a series of redox reactions in which the electrons are transfered over
a series of acceptors. In this manner, the energy of ADP is reduced to the energy of ATP. The formation of ATP
by these means is called photophosphorylation, this resembles the formation of ATP in aerobic respiration.
These
are three
patterns of electron transfer from vitamin K/FMN.2ephotophosphorylation and the third is photophosphorylation and food manufacture.

complexes,

two

are

In the first of three transfer patterns, light strikes the two chlorophyll molecules causing them to become
photoionized. The two electrons released are picked up by vitamin K/FMN-2e- complex. Then the electrons are
picked up by the cytochromes and energy is 'released through the destruction of the very weak bond between
vitamin K/FMN and the 2e-; therefore, it incorporates itself in to the bonds of ATP. The electrons are again
picked up from the cytochromes by the two chlorophyll particles at the end of the transfer series are the same
ones which were lost in the beginning from the two molecules of chlorophyll. Thus, due to the fact that the
electrons travel from chlorophyll to the electron acceptors and back again to the place of origin - chlorophyll,
this process is known_ as CYCLIC TRANSFER. The net result is that for every two electrons, four ATP
molecules are produced.
7MN vit.K
7MN vit.K
light+z Chi

--

c tochromes

c to chromes . 2e-

I

-2Chl+

Energy'

I

2ADP+ 2P-+2ATP
cytochromes . 2e-

cytochromes

-=2:..:::C.:.:;hl=-+_~
~

....

...:2~C~hl~

Energy

I
2ADP + 2P -+ 2ATP
The second form of transfer is called NON-CYCLIC TRANSFER. As before, the light strikes two
chlorophyll molecules, releasing two electrons. The electrons released form the vitamin K/FMN .2e- comples. In
the next step water acts as an electron acceptor as an electron acceptor after having been split into three parts,
two hydrogen particles having a positive charge, two [OH] , and two electrons. The electrons carried by the
vitamin K/FMN are picked up by the hydrogen particles. The two electrons released by the ater are received by
the cytochromes, and in turn these two electrons are taken from the cytochromes by the chlorophyll particles.
Therefore, the chlorophyll does not regain the electrons which it originally lost, but those of water. In this form
of transfer for every two electrons, two ATP are produced.
7MN/vit.K

7MN/vit.K·2 e-

light -+ 2Chi

.>"

2H,

7MN/vit.K

~2[ 2H+
~
OH 1 ~-...;2;;.;;H",-,-t
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--2Chl+
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....;;O....;;H.;;....<..l
-+----'I;.;;.H;;.o?....;;0+:......;,.V.;;.;20~,'___
2e
cytochrones ~
cytochromes . 2e
~2~C~h~I+

cytochromes . 2e
cytochrones

~~

I

~

~2C~h.:.:;I
__

Energy

2ADP + 2P -+ 2ATP
The third form of transfer is not only photophosphoroylation,
but food manufacture too. This type of
transfer is unique to green plants because it involves NADP, and organic hydrogen acceptor. NADP is the only
substance capable of forming a hydrogen complex which can be used to make the carbohydrate end product.
The first step involves light striking two chlorophyll molecules causing two electrons to be released. These, in
turn, are picked up by vitamin K or FMN. The second step; involves two water molecules being split into three
parts, two positively charged hydrogens, two (OH) and two electrons. The electrons of vitamin K/FMN~2ecomplex are picked up by the hydrogen and then the now complete hydrogen is picked up by the NADP. This
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forms NADP.H+. The two (OH) rearrange into water and a free oxygen. The equation of this reaction is:
2(OH)-----H20

+ 1/202

The electrons of water are picked up by positively charged chlorophyll particles. This reaction is also known as
NON-CYCLIC ELECTRON TRANSFER.
7MN vit.K

7MN vit.K
2H + NADP=NADP'H . HY
H20+Y202
cytochrome' 2e-

cytochrome'

2e

cytochrome

~
---=.2.::::;Ch:;:1_+_-,~~,

....;2::....::C:::;h::...l
__

Energy

I

2ADP + P -+ 2ATP
CO2 fixation, often call the CALVIN CYCLE, consumes the raw materials CO2 and NADPH.H and ATP
and utilizes them to yield the end product oxidized NADP and ADP, and the carbohydrate. It envolves a total
of ten steps, however, only the first three steps are necessary to achieve the carbohydrate end product. The
remaining seven steps regenerate the starting compound ribulose diphosphate (RDP). The whole cycle must go
around three times before one molecule of carbohydrate can be obtained.
For simplicity sake, assume that the cycle has gone round three times. First, three molecules of RDP, a five
carbon sugar, cornbine with three molecules of CO2 to form a six carbon sugar. However, this six carbon sugar is
highly unstable and almost immediately combines with the one molecule of water, coming from one-cyclic
transfer, to form two molecules of phosphoglyceric acid (PGA):
3RDP + 3C02 + 3H20-------2PGA
The PGA reacts with ATP formed during photophosphorylation,
,ADP.
6PGA + 6ATP -----DPGA is reduced to phosphoglyceraldehyde

to form diphosphoglyceric acid (DPGA) and
6DPGA + 6ATP

(pGAL) by the addition of hydrogen, which is attached to NADP:

6DPGA + 6NADPH------6PGAL

+ 6NADP

The above three steps are the critical reduction processed of CO2 fixation, The net input-output for this
reaction is 2 ATP for every CO2 or 1 ATP for every NADPH.H+ produced by photolysis. Photolysis generates
not only ATP, but the hydrogen used in the Calvin Cycle as well.
From the six PGAL formed, only one is used for the carbohydrate end product, the remaining five are
transformed back to RDP. This transfer frees phosphates, which are combined with ADP to get ATP by
photophosphorylation during photolysis.
The carbohydrate end product PGAL is used primarily within the grana, because in this state it is extremely
reactive. PGAL is subject to one of three fates;
1. Utilization as a nutrient in the cell.
2. Package for expert to the non-photosynthesizing
3. Packaging for storage.

parts of the plant.
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In the first use, PGAL enters irnmedicately into respiration. For its second use, it must be changed into
sucrose or fructose and then carried to the site of utilization and changed back into PGAL. When it is necessary
to store PGAL, it must be converted into a form that uses little space ans must be relatively unavailable for use
in the other reactions. Fruits store PGAL as sucrose and fructose. Plant accumilate carbohydrates in the form of
disaccharides, such as maltose or polysacchrides such as amylose, or starches.

THIS PAPER IS DECICATED TO MRS. MARGERITE ST. CLAIR, OF THE ACADEMY OF THE HOLY
NAMES, SILVER SPRING MD., FOR ALL THE I;IELP AND INSPIRATION SHE GAVE TO ME DURING MY
FOR YEARS AS A STUDENT THERE.

My name is Cherrel Anne Wilson. I am a freshmen in the school of Liberal Arts. I graduated in May of 1971
from the Academy of the Holy Names as Outstanding Black Student and was granted a place in Merit's Who's
Who Among American High School Students. During my high school years, I wrote for the school paper and
literary magazine. I was also a member of the glee club, in which during my senior year I directed segments of
both our Christmas and Spring Concerts. My hobbies are artificial flower making, cooking, and singing. I enjoy
this singing so much so that I have conducted the folk masses at my church from 1968 through 1969 and am
now actively engaged in the parish choir. I also work on weekends with a band as dancer and singer.
Here on the Howard Campus, I am known as Pete. I am actively involved in student governemnt, though I
hold no office. In the fall, I was the chairman of the NOMINATIONING CONVENTION under the freshmen
class Election Committee. I am greatly interested in seeing that the educational, social, and mental well being of
not only freshmen but the entire student body be improved to the point that Howard University becomes the
model for Black development in the United States.
In the future, I hope to become a doctor. At present though I intend to see to it that the valuable time and
money of both the student and teacher not be wasted in the long, drawn out educational system of the U.S. I
feel that it should not take twelve years of prepatory education for college, and that college should not be
wasted taking a bunch of time concuming required courses that have nothing to do with one's major.
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HORIZONTAL VARIATIONS IN S02 AND N02 BURDENS
IN THE SAINT LOUIS AIRSHED
Air Pollution Task Force, Center for the Biology of Natural Systems, Washington University; Anna Coble +,
Chairman and Anders Jepsen, Environmental Measurements, Inc., San Francisco.

The Air Pollution Task Force of the Center for the Biology of Natural Systems' Environmental Field
Program is implementing a program which will characterize the St. Louis airshed. One initial project has been
concluded, some results and conclusions of that phase of the program are the substance of this report. This is
not the first attempt to make measurements of the pollution in St. Louis air. On the contrary, the references to
St. Louis air quality and studies of it seem to be exceeded only by studies of the air in Los Angeles. Air
pollution is not a new problem for St. Louis and action to clean up the air has engaged the local government for
several decades. The Interstate Air Pollution Study (1966) is frequently used as an example of the type of study
that should be done in the newly designated air quality control regions if it were not done Jefore designation
(Guidelines ... 1969). The dispersion model which is being used to evaluate the effectiveness of programs
designed to produce desired air quality goals, nation-wide, was validated for the St. Louis airshed (Martin and
Tikvart; Regional Implementation ... ; Report for Consultation ... ;). Despite these facts or maybe in spite of
them, the Task Force has embarked on this projected study of the airshed. A by-product of this project will be a
better scientific basis for discussing the interactions of various parameters-sunlight, meteorological parameters,
local topography, and chemical composition of the substances emitted in the air-which may be important in
producing the mix which surrounds the local biosphere.
There are several local air quality monitors which provide some information about PRJIution in the St.
Louis Air Quality Control region. There are about one hundred sulfation candles in the six coun ty, bi-state area.
These provide monthly averages which are generally useful in drawing pollution density maps, but examination
revealed that candles close together but not generally downwind of point sources did not give similar values and
the variation from anyone station from year to year for the same months was as clearly evident as seasonal
variations. The candles were the only area-wide monitors. On the Missouri side of the river, St. Louis City and
st. Louis County have recently installed a seven-unit network which will supplement the data available from the
Continuous Air Monitoring Program Station, (CAMP Station) in downtown St. Louis. The CAMP Station is of
limited usefulness for survey purposes since it is located near three electric power plants and can be expected to
be downwind of at least one of the plants 20-40% of the time based on the annual wind roses for the area
(Interstate Air Pollution Study).
In any case, "nose-level" point monitors would not provide information which could be used to determine
pollution loading on areas one kilometer from the monitor. The lack of meteorological data on a block by block
basis also precludes the identification of the factors which affect the area-wide dispersion of pollution. In
addition, if one were trying to determine the maximum allowable emissions for an area it would be important to
have a technique which would eliminate the mixing depth, as the most important meteorological parameter. The
mixing depth is the height of the lowest level of the atmosphere in which mixing of surface pollutants is
generally considered possible, since vertical movements of pollutants is usually limited by a layer of air through
which the surface air cannot penetrate (Lowry, 1969). The higher the mixing depth the larger the volume of air
into which pollution is emitted in a given area. This means that for the same wind and same mass of pollution
emitted, the concentration of that pollutant will vary inversely with the height of the mixing depth. In
evaluation of the effectiveness of short-term air pollution abatement procedures, it would be desirable to use a
measurement technique for validating dispersion models which would not depend as strongly on vertical
dilution as "nose-level" concentration measurements because the mixing depths are not generally as predictable
for several days as synoptic weather features.

+Present address, Department of Physics and Astronamy, Howard University.
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The Barringer Correlation Spectrometer which was made available to the Center through Environmental
Measurements, Inc., seemed to be an ideal instrument for such a dispersion study. It could be mounted in the
Center station wagon or a Volkswagon microbus, as illustrated in the photograph and driven at normal highway
speeds over public roads. It does not measure the concentration of the target gas but rather determines the total
amount of gas in a column of air which extends from the machine to the top of the atmosphere. The instrument
makes use of the fact that gases absorb wavelengths of electro-magnetic radiation which are characteristic of gas,
resulting in the absorption spectra of the gas. The source of radiation can be scattered sunlight or a
continuous-spectrum artificial source such as a quartz-iodide lamp. The radiation, after passing through the air,
is collected in a telescope, then dispersed by a grating and the spectrum is then projected onto an optical mask.
The mask is a replica of the absorption spectra of the target gas. Since there are other gases in the air which may
have one or more similar absorption wavelengths, the masks are optimized to give the best statistical fit for the
target gas. The dispersed spectra is vibrated across the mask and the output of a photo-detector is sensed for the
presence of changes in the current sweep. If the target gas is present in the column, there is correlation, and the
output envelop varies in amplitude. There are several papers which give a more complete description of the
instruments' theory and operating principles (Millan and Newcomb, 1970; Barringer, 1968).
The basic function of the instrument is the Beer-Lambert Law of Absorption:
I = 10 e - a;\ cl
Where 10 = incident light intensity, a;\ is the absorption coefficient of the target gas as a function of wavelength,
c is the gas concentration and 1, the pathlength through which the light passes. The correlation spectrometer
unlike most laboratory spectrometers measures the product cl which is essentially the number' of molecules
which absorb the radiation. Thus, the instrument integrates the total number of absorbing molecules over the
entire path regardless of its length so that dilution which would be expected in a long column is disregarded as a
measurement parameter. The instruments' measurement unit is a part per million meters-ppm-m.
The mass of gas in the column above the instrument can be calculated from the parts per million-meters so
that the maps which are designated total sulfur dioxide or total nitrogen dioxide burden have a double scale,
ppm-m and milligrams per meter squared (rng/rn").
The entire diagnostic spectra of the gas can be used, but the time required for one complete pass across the
spectra make this procedure impractical. Instead, one utilizes only a short-rang of wavelengths which are found
to be the range most sensitive to the varia tion in the concentration of the gas under study. Another asset of this
type of operation is that it takes only a few seconds to make a measurement so that gas burdens can be more
precisely linked to geographical locations when one is driving over roadways. The measurement circuitry is
designed with an automatic gain control so that compensations for changes in background radiation are made
automatically and the instrument can be used under a wide variety of background radiation conditions. Surveys
were made in bright sunlight, light and heavy haze, solid «loud cover, broken clouds, and light snow. It was
found that the circuitry could not compensate for the rapid radiation variation associated with broken clouds,
but there seemed to be little measurement bias associated with absence or presence of cloud cover. Frequent
calibrations were made during each day's survey with gas cells which contained known amounts of the target gas
as a check for any machine changes during a run.
Sulfur dioxide measurements were limited in winter to the hour before and after local noon because of the
low intensities of UV radiation at this lattitude. In addition, Donald Wuerch, of ESSA-Lambert Field,
recommended that survey times during the winter be generally limited to three hours of late morning and early
afternoon so that the readings were made one and one-half hour before and after the radio sonde balloons were
released for the afternoon soundings. This time span was suggested as the period during which there would be
least horizontal variation in the mixing depth and winds aloft.
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Since the surface winds for the airshed vary from one part of the region to another as expected from
climatological studies of cities (peterson, 1969), one often finds two flags on poles in the same neighborhood
waving in different directions. The situation is further complicated by the fact that the winds at different
altitudes may flow in different directions, too. Since the total overhead pollution burden was to be measured,
surface and higher altitude winds needed to be considered. While observations were made of surface winds and
cloud movement, the transport wind, defined as the resultant wind vector from the surface to the top of the
mixing layer was chosen for relating pollution dispersion to wind. The transport wind was also used for
calculations dealing with gas flow in the analysis of the data. The technique used to determine this wind is
found in Appendix A.
The first step in the analysis of the data was the generation of total overhead burden maps for the surveys
made by hand and computer. Only a few of which are displayed in this paper. The second set of maps
designated as "Sulfur Dioxide" or "Nitrogen Dioxide Flow Rate" shows the rate of flow of the gas across the
roadway segment and the direction in which gas is flowing if it is moved by the transport wind.
The computer program used to generate the flow rate data also summed the flows across each segment
so that a rough figure for net gas inflow or outflow was calculated. This sum is presumably an emission
inventory for the area inside the loop. However, the data in Appendix B show that whiile there is always a net
outflow of N02, this is not always the case for the S02 surveys listed in table. The aspects of this analysis will
be discussed later.
The detail map for March 10, 1970 for the Portage des Sioux area shows more clearly than any other
surveys the production of N02 at two distances downwind of source. It is evident from several other surveys of
areas with a high density of sources but the conclusions that N02 content increases as one travels away from the
source was best illustrated when there was essentially one source-in this case a 1200 mega-watt power plant
with two 600 foot stacks. The map was drawn by hand from the original data strips and a 7~ minute U.S.
Geological Survey map. This displacement of the peak from a line parallel to the wind direction is obvious here,
but might be expected from surface friction since across the river north of the plant there is a band of cliffs 200
feet or more in height which might produce slight wind shifts similar to that noted on this map. N()2
production may occur in the area south of the refineries on the survey map for March 10, but the multiple
sources and highway traffic make it impossible to isolate chemical reactions from increases due to source
emissions.
There is a fourth aspect of this study which merits comment. What happens in those cases where gas seems
to disappear downwind? An example of this appears February 18, 1970 downwind of power plant #6. Simply
failing to traverse the plume is not a sufficient explanation as it might be on several other maps. There is another
conspicuous example of the phenomenon on January 28,1970 at power plant #3. The apparent loss of signal at
power plant #6 on that day has been identified by the operators as a case of the roads not permitting a second
pass under the plume. The loss at power plant #3 was verified by making several passes. Discussions with
pollution control agency personnel for the area east of plant #3 indicate that there are more complaints by
citizens there than any other single place in his area. The effective stack height is said to be only 50 feet, not the
125 feet of its physical height. These and several other similar examples under high wind conditions suggest that
"dry fallout" due to increased turbulence rather than dispersal, may be part of the mechanism for the relatively
clean air except directly downwind of sources as seen on January 28, 1970 and February 18, 1970. Clearing due
to precipitation-dew, rain, or snow-was not evaluated in this study.
In this preliminary feasibility study several survey problems became apparent when calculations were made
from the raw data. As illustrated from the maps there were a large number of different survey routes,
complicating the task of making comparisons between different wind directions and speeds in terms of outflow
or inflow of pollution and the general influence of ventilation. Thus it will not be possible to evaluate the
influence of small sources such as residential heating on total S02 as would be possible if seasonal data could be
compared. This will be the object of the new phase of the project.
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The N02 data summarized in Appendix B indicate variation L'1 net N02 production from 85 to 500 long
tons/day. Most of the values fall between 200 and 300 long tons. Estimates based on 1963 emission data, 1967
projections by NAPCA (Report for Consultation ... 1969) and personal projections based on increases in
automobile and industry sources, place area emissions at 108, 600 tons/year, 300 tons/day or 270 long
tons/day. On the high N02 production day, December 17, 1969, the gas blowing into the area was at a lower
concentration than would have been expected since the wind started to blow the air which had been stagnant
for overnight away from the road, as the car covered the southern route. Two hours later we passed under the
air that had been pushed north by the wind. This air now contained N02 from the previous day as well as the
gas produced over the City. This problem points out the difficulties associated with the long times needed to
close an area circuit by car. The only explanation that this author can make about the low day is that it is
possible that the survey included too small an area.
The production data from S02 is not so optimistic. On the one hand instead of a large number of well
distributed small sources like cars, with a few large emitters like the power plant in the case of N02 , over 50%
of the S02 is emitted by six power plants, and about one-third of the total is emitted by industries distributed
along the Mississippi River. The 1967 estimate was 662,300 tons/year, projecting industrial growth to 1970, the
estimate is probably closer to 690,000 tons/year. Using the 1967 figure, the daily production is around 1800
tons/day as an average which does not account for the differences associated with space heating. In Appendix B
the S02 production figures vary from 2 to 6000 long tons/day, with the values, except for the two extremes
ranging from 297 LT/day into the area of the survey to 2347 LT/day out of the area defined by the survey
route. There are some overlapping closed figures which could produce some of the inconsistencies in the gas
emissions figures since the' computer program was not designed to sort out these conditions. The location of
S02 sources and the wind direction are such that a path could be driven so that large sources pour S02 into the
area and on the other side the trip is upwind of the other large sources. Runs on January 27, January 28,
February 11, and February 18, 1970 offer examples of such paths.
The Correlation Spectrometer has been successfully used to calculate the S02 and N02 emitted by single
sources in other experiments, and some estimates of N02 production and S02 emission were attempted. The
N02 production on March 10, 1970 in the half mile is 17.9 metric tones/day all things being equal. Consider the
comparisons below for S02 production:
fuel usage

data estimate
Power plant 1

292.7 tons/day

Power plant 6

400

1/23/70

ton/day

2/18/70

216
374 tons/day

These estimates are based on general approximate data and do not reflect any attempt to use the special
techniques usually employed for emission inventories. The concentration calculated by this method are found
to agree with the local CAMP Station when it is not swamped by power plant #5 and the background value is
taken well away from large sources. Experiences by Environmental Measurements, Inc., indicate that overhead
peaks correlate well with ground level concentration peaks though the absolute values differ.
Though the flow rate lines are drawn in the direction of the transport wind, this is only a convenience.
However, closer examination of the maps for the wind direction, point sources, and flow peaks suggest that this
assumption may be valid. It should be also understood that only a few of the sources are indicated. For
example, on the maps for January 27, 23, February 3, 11, 18, there are slight peaks northeast of power plant
#3. But the wind direction excludes the industrial symbol as the emitter. The industrial sign was placed for 2
steel mills but the actual S02 source is a drying plant that uses 100,000 tons of 3.3-3.5% sulfur not the mills
which use .7% sulfur coal and recover the sulfur dioxide. The industrial symbols generally indicate several varied
operations, as near power plant #5. There are a chemical plant specializing in synthetic organic chemicals, a
rubber reclaiming plant, a copper smelter for refining, a zinc plant, a steel casting company, and a wood
preservation manufacturer in the area.
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The most important feature of these maps is the fact that except on January 28 there is always a significant
background burden of S02. Part of the reason may be the 30 mph wind on the 28th of January, and the lower
background on February 18 may be the result of the relatively high winds on that day too. It is expected that
there would always be a N02 background since there are many small, well-distributed sources. Please note that
the scale factors for S02 are ten times the factors used for N02. This is consistent with the ratio of S02 to N02
emissions.

DESCRIPTIONS

OF MAPS

For the overhead burden maps the following set of symbolsare used to designate some specific sources:

o

power plants

A

miscellaneous industries

A

refineries

o

municipal airport

The numbers inside the power plant circles designate specific plants as follows:
1.
2.
3.
4.
5.
6.

Portage des Sioux
Alton-Wood River
Venice
Ashley
Cahokia
Meramec

(600
(250
(125
(225
(125
(125

foot
foot
foot
foot
foot
foot

stacks)
(2) and 350 foot (1) stacks)
stacks)
stacks)
stacks)
stacks)

The amount of gas overhead is represented by the length of the parallel lines drawn at angles to the road. The
shading is used to emphasize the different burden levels. Since there are several routes which vary in length it
has been necessary to reduce the maps to a single size and some details are obscured. One should note the scale
factors for distance and gas burdens on each map. The direction and speed of the transport wind, given in
meters/sec., is indicated by the larger arrow, the other arrow is oriented to the north. Any references made to
wind direction give the direction from which the wind is blowing and wind angles given in degrees refer to wind
from the north as zero degrees in compliance to local meteorological usage.
On the flow maps, the flow direction is drawn by the computer so that it is parallel to the transport wind as
given by the afternoon sounding from the St. Louis Gateway Arch. The length of the lines represent the flow
rate and are drawn so that the base of the line is at the roadway, which for simplicity was not drawn. The flow
rates were calculated from the overhead burdens, inversion height, wind velocity and the angle that the road
segment made with the wind direction. When the flow rate, the amount of gas flowing across a road segment of
unit length, is compared to the burden at a given set of points, the places of highest flow will not always
correspond to points of highest overhead burden because the flow is dependent on the angle between the wind
and roadway. The same source symobols are used in both sets of maps.
Though most maps are displayed in pairs, there is an exception to procedure. The detail map for March 10,
1970 and the flow map for March 4, 1970 are mounted together. March 4, 1970 shows peak flows well
downwind of sources which illustrate clearly the role of the transport wind in area-wind dispersion.
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APPENDIX A
Determination of transport
Meteorologist).

wind vector (to be published in full by Donald Wuerch, ESSA-Air Pollution

1. Establishing mixing depth from urban sounding (ref. techno memo CR-36, unpublished).
2. Dind horizontal distance out (HDO) at the time the radiosonde reached the mixing depth lid.
3. Find time elapsed (TE) to mixing depth lid.
4. Divide HDO by TE

=

magnitude of transport wind (TW).

5. Azimuth reading at lid intersection

= direction

ofTW.

Since the position of the radiosonde instrument at mixing depth lid intersection is a result of all the wind thru
the mixing depth layer, the above method is a true resultant.
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APPENDIX

Date

•....
\0

Gas

Mixing
depth in
Meter

Tr3.nsport
Angle

12/17/69
12/18/69
12/19/69
1/23/70
1/27/70
1/28/70
1/30/70
2/3/70
2/11/70
2/17/70
2/18/70
3/4/70
3/5/70
3/6/70
3/10/70
3/18/70
3/20/70
3/25/70

NOz
N02
N02
S02
S02
S02
S02
S02
S02
S02
S02
S02
S02
S02
N02
N02
N02
N02

*

Variable

or [va r ) used to indicate

a

Hourly Registe r Wind from

500
670
760
960
na
J450
530
1030
1310
210
1230
690
520
570
800
350
1230
320

165
322
310
337
90°
219"
275
321 o
332
173
248
0

0

0

0

0

0

0

0

329

0

71
23JO
354
18°
268
176
0

0

0

0

Wind
Speed
M/sec
3.0
7.4
7.0
3.6

5
14. 1
7.6
7.7
3. 7
5.8
10.2
5.3
5.3
2.3
6.5
4.5
7.2
4.3

Surface Windsa
Miles /hr

Cloud
Cover

SE-7
WNW -15
W-I0
NW-12
SE-6
SW-26
SW-14
NW-16
WNW -8 (va r}"
SE-14 (var)::'
SW to WNW 13-20
NW-12
NE7-11
SW-5
NW 11-15
(var)*
WSW -20
S(varY-'S-13

haze
cloud
cloud
cloud
cloud
cloud
clear
clear
cloud
clear
haze
cloud
clear
cloud
cloud
fog
cloud
cloud

that the direction

Lambe r t Ai r p or t .

B

varied

but within

that quadrant.

Gas Production
Long ton/day
500
85
306
2
482
1132
430
2347
297
600
583
6099
828
1226
206
296
80
224

out
out
out
in
out
into
into
out
into
out
into
out
out
out
out
out
out
out
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FROM THE CHAIRMAN'S DESK
PHYSICS AND INTERDISCIPLINARY
COOPERATION
Warren E. Henry, Chairman, Department of Physics and Astronomy
/:'

Physics is a discipline embracing the laws Joverning physical phenomena associated with change and the
involvement of matter or material and energy in the physical phenomena. The nature of forces which bring
about change is of interest. The physicist tries to learn about the laws-the rules of nature-which govern the
action in nature, whether this action takes the form of
(a) the life-sustaining photosynthetic action of plants and bacteria, the propagation of impulses
along nerve paths, connected with sensing and response by organisms and the muscular
coordination associated therewith or
(b) a frightful happening, such as the rumbling of a world shaking Krakatoa, the sharp crackle of a
lightning bolt or the devastating whirl of a cyclone or
(c) the staccato signals of a whippoorwill, the melody of a violin or the streaming optical eloquence
of the Aurora Borealis.
The physicist is interested in understanding these phenomena. He is interested because of the "urge to
know and understand", for the sake of knowledge and understanding but he is also interested because he knows
that there is a high probability that all knowledge obtained and understood can be of practical use to mankind.
This feeling and orientation of the physicist make interdisciplinary cooperation with other disciplines feasible,
plausible and indispensable. The physicist should cooperate with the chemist, the zoologist, the botanist, the
engineering scientist and technologist, the medical scientist and technologist, the natural historian, the
archaeoligist, etc.
The physicist is also a human being, interested in knowledge and a better world for mankind. He is
interested in humanity in all of its aspects and is often active in aspects not usually though of as being either
scientific or technological. For example, consider:
(a) the extreme religious devotion of Sir Isaac Newton
(b) the activity of Albert Einstein as a virtuoso of the violin
(c)

the books of poetry by J. Robert Oppenheimer

(0) the warm, human, soul-stirring and inspirational motivation of students by Elmer Imes at Fisk
University and by J. Willard Gibb at Yale University and
(e) the Mona Lisa painting by Leonardo Da Vinci.
The physicist has demonstrated his capacity to cooperate with other scientific and technological disciplines.
He is demonstrating his interest in and willingness to help people and to help make the world a better place for
mankind.
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Trypanosoma lewisi:
Oxygen Uptake by Whole Cells vs. Mitochondria

by
Clarence Matthews Lee and Beryl M. Barlow

SUMMARY

Three experimental protocols were completed to compare the respiratory activity of mitochondria and
whole cells of Trypanosoma Lewisi. Oxygen uptake was measured endogenously and with the substrates,
glucose, glutamate and lactate. Mitochondria in genously respired less as compared to the living cells. The peak
of respiration, was observed around Day 10. Mitochondria utilized glucose and glutamate starting from Day 7
and Day 11 respectively. No statistically significant differences over the endogenous rates were obtained with
lactate, although small differences were obtained throughout the periods of observation. Whole cells gave a
better response both endogenously and with the substrates. The response to glucose and glutamate started early
in the infection and continued through Day 14. Lactate responses were similar to those observed with
mitochondria.
Simultaneously, trypanosome populations were enumerated. The populations showed a steady increase
from Day 2, reaching a crisis on Day 10. This was followed by a gradual decline until Day 30, when no
trypanosomes were seen in the host blood.

INTRODUCTION

Oxygen uptake of various isolates of Trypanosoma Lewisi was reported by Moulder (1947, 1948a) and
Lincicome and colleagues (1965); (1966); (1968); (1970). These workers presented evidence that respiratory
rates vary with the parasite isolate, age of infection and the age, sex and kind of host.
Recent ultrastructural studies showed a similarity between the trypanosome kinetoplast and mitochondria
of mammalian cells (Judge and Anderson 1964; Vickerman 1962). The kinetoplast is probably therefore a
source of respiratory energy, and raises the question whether there might be differences in basal metabolic
functions of whole and subcellular components of a protozoan such as Trypanosoma Lewisi. The following
account is concerned with oxygen uptake rates of whole cells and mitochondrial fractions of Trypanosoma
Lewisi.

MATERIALS

AND

FUNCTIONS

History of Parasite
The "L" isolate ofT.lewisi

has been maintained by continuous weekly sub passage in rats since about 1947.
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Number of Experiments and Host Used
Three experimental protocols form the basis of this work. Two hundred female albino rats
(Sprague-Dawley) weighing 70±4 gms were used for the harvest of trypanosomes, and supplied by the Animal
Breeding Laboratory of the National Institutes of Health, Bethesda, Maryland.

Inoculation of Experimental Animals
T. lewisi infections in all rats were initiated by a standard inoculum of 3X106 trypanosomes. Inocula were
prepared as suspensions in physiological saline solution of well washed trypanosomes freed of host tissues. All
inoculations were intra-peritoneal (Lincicome and Watkins 1963).

Estimation of Trypanosome Populations
All cells, whether from peripheral tail bloods of rats or pure washed suspensions of cells collected by
cardiac puncture, were enumerated by duplicate counts prepared by standard procedures involving the Thoma
pipette, hemacytometer and Toisson's fluid as dilutent (Lincicome and Watkins, 1963).

Preparation of Trypanosome Suspensions
Cells for respiratory tests were obtained by cardiac puncture of chloroformed rats on the specific day
desired. Prior to sacrifice of the host, the number of trypanosomes in the blood stream was estimated. The cells
were collected and counted by the technique of Lincicome and Watkins (1963).

Preparation of Trypanosomal Mitochondria
A standard concentration of trypanosomes (30XI06Iml)
was employed daily to isolate the mitochondria.
.The washed trypanosomes were supspened in a freshly prepared solution of 10% polyvinylpyrrolidone (pVP) in
20% sucrose (gm/100 ml of aqueous solution), pH 8-8.5 (Woods 1954). A sonifier cell disrupter was used to
disrupt the trypanosomes. Thirty seconds of sonication of trypanosome suspension (30X106 Iml), caused 100%
disruption of cells without apparent adverse effect on mitochondria, A drop of suspension was examined under
the microscope to check for intact cells. A mitochondrial fraction was then obtained by centrifugation. Low
speed sedimenting material, such as, large cell debris, nuclei, etc. was removed by centrifugation at 1,000 g for
20 minutes. The supernatent fluid was centrifuged at 12,000 g for one hour, sedimenting the "crude
mitochondrial"
pellet, which was washed with PVP and recentrifuged. The mitochondrial pellet was
resuspended in fresh PVP.
A small sample of the mitochondrial pellet was fixed in 2% osmic acid and examined with a Philips EM
100B electron microscope. Both positive and negative staining procedures revealed normal, and intact',
mitochondria.

Determination of Oxygen Consumption
Oxygen uptake of trypanosomes or of isolated mitochondria was determined by standard Warburg
techniques (Umbreit et a11964) daily and continued for as long as cells in sufficient numbers could be obtained.
Respiration was measured for one hour at 37° C in a gas phase of air (20% oxygen).
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Oxygen uptake of whole trypanosomes was always observed with 5X106 cells (0.87 mg protein/rnl)
suspended in 1 ml of Ringer-phosphate buffer as previously used for T. lewisi (Lincicome and Smith 1966;
Lincicome and Warsi 1966). Mitochondria (1.15 mg protein/ml) were also suspended in 1 ml of Ring-phosphate
buffer. Protein was measured by the biuret method (Henry et aI1957).
Determinations were made of endogenous
concentration of each substrate was 0.284 gms
buffer (pH 7.2-7.4) was the suspending medium
and the data were expressed as average microliters

rates and O2 rates with glucose, glutamate and lactate (the
per 100 ml of Ringer-phosphate buffer). Ringer's phosphate
for all determinations. All were concurrently done in triplicate
of oxygen per mg protein per hour.

Reaction flasks of 15 ml capacity were used, and were loaded with trypanosomes or mitochondria
contained in 1 mi. Total volume after addition of substrates was 2.2 ml including 0.2 ml of freshly prepared
KOH in center wells for CO2 absorption.

Statistical Evaluation
The data wherever possible were studied as averages of all determinations. Statistical treatment of the data
donsisted of calculations of standard derivations and application of student's 't' test for significance of
differences (Snedecor 1959). Statistical significance was attached to all differences of means having a
probability level of 5% or better.

RESULTS

Trypanosome Populations in Rat Tail Blood
The development of trypanosome populations in peripheral tail blood of rats is set forth in Table I.
Trypanosome populations increased slowly (the lag phase) after introduction of the original cells, but by
the sixth day had reached significant levels. Crisis was reached on the 10th day post-inoculation, and thereafter
gradually declined to the 28th day. Subsequent to this the population sharply decreased, and beyound 30 days
could not be detected. This is a pattern frequently observed for the "L" isolate of this species (Lincicome and
Hill, 1965).

Oxygen Uptake by Whole Cells of Trypanosoma lewisi
Tables II-IV present oxygen uptake by whole cells of the "L" isolate of T. lewisi.

Endogenous Uptake
The basic rates of oxygen uptake increased to a macimum and then gradually declined following a pattern
simialr to that of population changes (Table I). The maximal value was on the 9th day (Table II).

With Glucose as Substrate
Stimulation of metabolic rate with glucose as substrate was marked and statistically significant throughout
the whole observation period. Maximal values were observed on the lOth day; values then declined, but wpr<
still significantly greater than endogenous rates (Table II).
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With Glutamate as Substrate
Stimulation of metabolic rate with glutamate was also marked and significantly different from endogenous
uptake (Table III). Maximal uncorrected values were observed on the 11th day, and then rates declined.
Corrected rates showed a maximum at 13 days.

With Lactate As Substrate
Generally there were no statistically significant differences between rates with lactate as opposed to
endogenous uptake. Peaking occurred on the 10th day, but the stimulation afforded on the 10th through the
13th day was not significant (Table IV).

Oxygen Uptake by Isolated Mitochondria
Tables V-VII present oxygen uptake by isolated mitochondria of T. lewisi ("L" isolate).

Endogenous Uptake
Basic rates of oxygen uptake by isolated mitochondria were generally well below those of whole cells.
Whole cell rates were about 275% greater. Even though less than those for whole cells, these rates nevertheless
followed a similar pattern of rise and decline noted for whole cells (and for populations) with maximal values
occurring on the 10th day subsequent to inoculation of host animals.

With Glucose As Substrate
Though oxygen consumption rates with glucose as substrate were significantly different from endogenous
rates, the nature of these differences did not suggest a pattern of rise and decline as was noticed for the
uncorrected rates themselves. These differences were roughly steady at a lower level initially and a greater level
during the last 5 days of observations (Column D, Table V)

With Glutamate As Substrate
Uncorrected rates of oxygen consumption with glutamate as substrate showed the basic pattern of rise and
decline shown endogenously and with glucose as substrate. Differences between endogenous rates and those
with glutamate showed a similar pattern (Column C, Table VI). When calculated on a percentage basis, these
differences were much greater than differences observed with glucose (Column D, Tables V and VI).

With Lactate As Substrate
A pattern of rise and decline over the time interval was also observed for mitochondrial uptake of oxygen
with lactate as substrate. This was chiefly a reflection of the endogenous pattern, though the differences
between the endogenous pattern and that with lactate showed peaking. Only on one day (Column C, Table VII)
was the difference between endogenous rates and lactate utilization rates statistically significant, so it must be
assumed that lactate is not utilized well.
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DISCUSSION

Influence of Cell Populations on Oxygen Consumption
Trypanosome populations developing in host tail bloods seem to depend on the number of cells in the
original inoculum. According to Lincicome and Smith (1966) cell populations frequently reach a climax at Day
9 of an infection, using an inoculum of 100 cell. The use of 3 X 106 cells per inoculum in this work has given a
crisis on Day 10 of the infection.
Several reports on oxygen consumption of T. lewisi, using whole cells and a few with isolated mitochondria,
have been published, employing a variety of observational conditions (Lincicome and Hill, 1965; Lincicome and
Smith 1966; Lincicome and Warsi 1966; Lincicome et al 1968; Hill et al 1968; Entner 1968). The results of
these have been difficult to interpret due to the lack of uniformity and standards of measurement. In the
present study, the oxygen uptake pattern was not related or correlated with the rising trypanosome populations
in peripheral tail blood of hosts. This was evident as population crisis at Day 10 was followed by a steady
decline, whereas, respiratory rates continued to rise until the latter days of the infection.

Endogenous Respiration
According to Lincicome and Smith (1966) the changes in pattern of oxygen consumption with age of
infection, were of a constant character and were associated with endogenous activity of the cells, and with their
behavior when offered simple or complex substrates. The endogenous activity rate varied with time. In the
present study the initial rates one week after inoculation were low, confirming an earlier observation of
Lincicome and Smith (1966). Subsequently and continuing for a week the rate of consumption increased,
reaching a maximum and then declining close to original, initial rates. The same pattern was established with the
'L' isolate in an earlier study (Lincicome and Hill, 1965).

Glucose Utilization
The mitochondria and whole cells gave a significant enhancement over the endogenous rates when glucose
was used as substrate. This was established for T. lewisi whole cells by Moulder (1948a, 1948b), Zwisler and
Lysenko (1954), Lincicome and Hill (1965), Lincicome and Smith (1966), Lincicome and Warsi (1966), and by
Lincicome et al (l968). The utilization of glucose was chronologically correlated with the appearance of the
reproduction-inhibiting antibody in the blood of rat and with the cessation of reproduction of the parasites
(Moulder 1948b).
Entner (l968) showed a comparison of dehydrogenases of the Kreb's cycle, using isolated mitochondria of
T. lewisi and noted no significant differences between the young and adult forms in content of a
alphaketoglutarate,
malate, succinic and isocitric dehydrogenases. There were apparently two distinct
dehydrogenases for isocitric acid. In 6-day old trypanosomes the TPN-enzyme is more than three times active as
the DPN-enzyme. In 13 day old trypanosomes, the ratio is reversed. There was no relationship between
dehydrogenase activity and phosphorylation. There appears to be a demonstrable decrease in phosphorylating
ability when the trypanosomes become adults. T. lewisi therefore possesses some of the enzymes of the Kreb's
cycle. It has also been shown to possess the capacity to utilize various compounds directly or indirectly in the
Kreb's cycle, such as, glucose, glutamate, succinate and malate (Moulder 1948b; Lincicome et al 1968; Entner
1968). A sequential functional Kreb's cycle has not been reported.
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Glutamate Utilization
Both mitochondria and whole cells showed ability to utilize glutamate, although, it was more pronounced
for mitochondria during the latter days of infection. The utilization of this substrate has been reported earlier
by Moulder (1948a), Ryley (1951), and von Brand (1966). According to Moulder (1948b) d-glucose,
L-glutamate and L-glutamine were oxidized most rapidly. The mechanisms of glutamate and glutamine
oxidation were similar. There was 110 difference in the rate of glucose and glutamate oxidation, but the rate of
glutamate oxidation was significantly higher than that of glucose.

Lactate Utilization
Lactate responses gave biological but not mathematical significance. Similar observations were made by
Moulder (1948a). There were four classes of substrate utilization. Lactate, along with glycerol was arranged in
the second class. These substrates were oxidized at one half the rate of first class substrates, which included,
glucose, glutamate and glutamine. According to von Brand (1950), pyruvic acid and lactic acid were the most
common end products of the parasitic protozoans, although lactic acid was definitely not produced by some
trypanosomes, T. lewisi being one of these.
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TABLE I
POPULATIONS Of TRYPANOSOMA LEWISI IN PERIPHERAL
TAIL BLOOD Of RATS.

Day of
Infection

Hemacytometer

Counts (:!=. S. D. )

2

12+- 1

4

40+4
-

6

384+23

8

453+21

10

660+17
-

12

461+30

14

371+9
-

16

323+11

18

265+7
-

20

240+6

22

184+2
-

24

180+2

26

150+- 13

28

134+9

30

1+1
-

30

TABLE II
OXYGEN UPTAKE(~S.D.) ENDOGENOUSLY AND WITH GLUCOSE
AS SUBSTRATE BY WHOLE CELLS OF TRYPANOSOME LEWISI.
(In ul of 0 /mg protein/hour)
2

Day of
Infection

A

B

c

D

E

7

23.82+1

15.21+1

8.61

57

S

8

24.30+ 1

19.23+ 1

5.07

26

S

9

28.99+1

21.80+1

7.19

33

S

10

37.83+2

17.85+3

19.98

112

S

11

34.61 +1

15.11+2
-

19.50

129

S

12

19.68+2

11.63+2

8.05

69

S

13

15.28+2

5.98+ 1

9.30

155

S

14

10.93+1

6.44+ 1

4.49

70

S

-

-

A - With Glucose
B - Endogenous
C - Increase over Control (Endogenous)
D - Data at C above expressed as per cent increase
E - Statistical Significance (S) at 5% level
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TABLE III
OXYGEN UPTAKE(~S.D.) ENDOGENOUSLY AND WITH GLUTAMATE
AS SUBSTRATE BY WHOLE CELLS OF TRYPANOSOMA LEWISI.
(In u1 of 0 /mg protein/hour)
2

Day of
Infection

A

B

C

D

E

7

23.50+1

15.21+1

8.29

55

S

8

25.62+1
-

19.23+ 1

6.39

33

S

9

32.89+1

21.80+ 1

11.09

51

S

10

32.55+1

17.85+3

14.70

82

S

11

38.48+4

15.11+2
-

23.37

155

S

12

30.44+1

11 .63+2

18.81

162

S

13

18.13+2

5.98+ 1

12.15

203

S

14

12.79+ 1

6.44+1

6.35

99

S

A - With Glutamate
B - Endogenous
C - Increase over Control (Endogenous)
D - Data at C above expressed as per cent increase
E - Statistical significance (S) at 5% level
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TABLE IV
OXYGEN UPTAKE(~S.D.) ENDOGENOUSLY AND WITH LACTATE
AS SUBSTRATE BY WHOLE CELLS OF TRYPANOSOMA LEWISI
(In u1 of 0 /mg protein/hour)
2

Day of
Infection

A

B

C

D

E

7

13.75+2

15.21~1

0

0

NS

8

21 .03+1

19.23+1

1.80

9

NS

9

23.29+3

21.80+ 1

1.49

7

NS

10

25.03+4

17.85+3

7.18

40

NS

11

18.24+3

15.11+2

3.13

21

NS

12

13.55+ 1

.11 .63+2

1.92

17

NS

13

10.23+4

5.98+1

4.25

71

NS

14

7.89+3

6.44+1

1.45

23

NS

A - With Lactate
B - Endogenous·
C - Increase over Control (Endogenous)
D - Data at C above expressed as per cent increase
E - Statistical significance (S) at 5% level
NS - Not Significant
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TABLE V
OXYGEN UPTAKE(~S.D.)

ENDOGENOUSLY AND WITH GLUCOSE

AS SUBSTRATE BY MITOCHONDRIA

ISOLATED FROM

TRYPANOSOMA LEWISI
(In ul of 0 /mg protein/hour)
2

Day of
Infection

A

C

B

D

E

7

8.27+ 1

5.78+1

2.49

43

S

8

8.36+ 1

5.84+1

2.52

43

S

9

9.79+1

6.50+1

3.29

51

S

10

10.15+ 1

7.31+2

2.84

39

S

11

8.37+1

5.93+ 1

2.44

41

S

12

7.21 +1

4.03+1

3.18

79

S

13

5.10+ 1

2.78+1

2.32

83

S

14

4.83+1

2.55+1

2.28

89

S

A - With Glucose
B - Endogenous
C - Increase over Control (Endogenous)
D - Data at C above expressed as per cent increase
E - Statistical significance

(S) at 5% level
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TABLE VI
OXYGEN UPTAKE(~S.D.) ENDOGENOUSLY AND WITH GLUTAMATE
AS SUBSTRATE BY MITOCHONDRIA ISOLATED FROM
TRYPANOSOMA LEWISI.
(In u1 of 0 /mg protein/hour)
2

Day of
Infection

A

B

C

D

E

7

6.61+2

5.78+1

0.83

14

NS

8

6.92+2
-

5.84+1

1.08

18

NS

9

12.24+ 1

6.50+1

5.74

88

S

10

14.66+1

7.31+2

7.35

100

S

11

17.39+ 1

5.93+ 1

11.46

193

S

12

12.92+3

4.03+ 1

8.89

221

S

13

9.55+1

2.78+ 1

6.77

244

S

14

6.74+2

2.55+1

4.19

164

S

A - With Glutamate
B - Endogenous
C - Increase over Control (Endogenous)
D - Data at C above expressed as per cent increase
E - Statistic~l significance (5) at 5% level
NS - Not Significant
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TABLE

VII

OXYGEN UPTAKE(~S.D.)
ENDOGENOUSLY
AND WITH
LACTATE AS SUBSTRATE BY MITOCHONDRIA
ISOLATED FROM TRYPANOSOMA
LEWISI
(In u1 of

o

/mg protein/hour)
2

Day of
Infection

A

B

C

D

E

7

6.52+2

5.78+1

0.74

13

NS

8

6.85+1

5.84+1

1 .01

17

NS

9

7 .10+2

6.50+1

0.60

9

NS

10

8.83+1

7.31+2

1. 52

21

NS

11

9.35+1

5.93+1

3.42

58

S

12

4.96+1

4.03+1

0.93

23

NS

13

3.35+2

2.78+1

0.57

21

NS

14

2.97+2

2.55+1

0.42

16

NS

A - With Lactate
B - Endogenous
C - Increase

over Control

(Endogenous)

D - Data at C above expressed
E - Statistical

significance

NS - Not Significant
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as per cent increase
(S) at 5% level

